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Abstract
Introduction: The use of clinical staging models is emerging as a novel and useful paradigm 
for diagnosing  severe mental disorders. The term “neuroprogression” has been used to 
GHÀQHWKHSDWKRORJLFDOUHRUJDQL]DWLRQRIWKHFHQWUDOQHUYRXVV\VWHPDORQJWKHFRXUVHRIVHYHUH
PHQWDOGLVRUGHUV,QELSRODUGLVRUGHU%'QHXUDOVXEVWUDWHUHDFWLYLW\LVFKDQJHGE\UHSHDWHG
PRRG HSLVRGHV SURPRWLQJ D EUDLQ UHZLULQJ WKDW OHDGV WR DQ LQFUHDVHG YXOQHUDELOLW\ WR OLIH
stress. Method: A search in the PubMed database was performed with the following terms: 
“staging”, “neuroprogression”, “serum”, “plasma”, “blood”, “neuroimaging”, “PET scan”, 
´I05,µ´QHXURWURSKLQVµ´LQÁDPPDWRU\PDUNHUVµDQG´R[LGDWLYHVWUHVVPDUNHUVµZKLFKZHUH
LQGLYLGXDOO\FURVVHGZLWK´FRJQLWLRQµ´IXQFWLRQDOLW\µ´UHVSRQVHWRWUHDWPHQWVµDQG´ELSRODU
disorder”. The inclusion criteria comprised original papers in the English language. Abstracts from 
VFLHQWLÀFPHHWLQJVZHUHQRWLQFOXGHGResults: We divided the results according to the available 
HYLGHQFHRIVHUXPELRPDUNHUVDVSRWHQWLDOPHGLDWRUVRIQHXURSURJUHVVLRQZLWKEUDLQLPDJLQJ
cognition, functioning and response to treatments considered as consequences. Conclusion: The 
FKDOOHQJHLQ%'WUHDWPHQWLVWUDQVODWLQJWKHNQRZOHGJHRIQHXURQDOSODVWLFLW\DQGQHXURELRORJ\
into clinical practice. Neuroprogression and staging can have important clinical implications, 
JLYHQWKDWHDUO\DQGODWHVWDJHVRIWKHGLVRUGHUDSSHDUWRSUHVHQWGLIIHUHQWELRORJLFDOIHDWXUHV
DQGWKHUHIRUHPD\UHTXLUHGLIIHUHQWWUHDWPHQWVWUDWHJLHV
$VVRFLDomR%UDVLOHLUDGH3VLTXLDWULD3XEOLVKHGE\(OVHYLHU(GLWRUD/WGD
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Introduction
The use of clinical staging models is emerging as a novel 
and useful paradigm for diagnosing severe mental disor
ders.1 7KHVWDJLQJFRQFHSWLVSDUWLFXODUO\SUDFWLFDODVLW
FDQGLIIHUHQWLDWHHDUO\PLOGHUFOLQLFDOSKHQRPHQDIURP
WKRVHWKDWDFFRPSDQ\LOOQHVVSURJUHVVLRQDQGFKURQLFLW\2 
The logic of staging is based on accessing the clinical 
features of a patient within a longitudinal perspective 
of illness development to provide different treatment 
DSSURDFKHV DFFRUGLQJ WR WKHLU VSHFLÀF SDWKRSK\VLRORJL
FDO V\PSWRPDWLF DQG VWUXFWXUDO FKDQJHV DW HDFK VWDJH
of illness.3
The term “neuroprogression” has been increas
LQJO\ XVHG WR GHÀQH WKH SDWKRORJLFDO UHRUJDQL]DWLRQ RI 
WKHFHQWUDOQHUYRXVV\VWHP&16DORQJWKHFRXUVHRIVH
vere mental disorders.7KLVUHRUJDQL]DWLRQFRXOGDULVHDV 
WKH UHVXOW RI VHYHUDO LQVXOWV VXFK DV LQÁDPPDWLRQ DQG
R[LGDWLYH VWUHVV5 In bipolar disorder (BD), neural sub
VWUDWHUHDFWLYLW\LVFKDQJHGE\UHSHDWHGPRRGHSLVRGHV
XOWLPDWHO\ SURPRWLQJ D EUDLQ UHZLULQJ WKDW OHDGV WR DQ
LQFUHDVHGYXOQHUDELOLW\WROLIHVWUHVV
5HFXUUHQW HSLVRGHV LQÁXHQFH WKH RXWFRPH RI %' E\
LQFUHDVLQJDSDWLHQW·VYXOQHUDELOLW\WRVXEVHTXHQWHSLVRGHV
and reducing the treatment response.$QHSLVRGHGHSHQ
GHQWGHWHULRUDWLRQSDWWHUQKDVEHHQZLGHO\GHVFULEHGLQ
VHUXPELRPDUNHUV brain imaging11,12 and functioning.
7KHUHIRUHVWDJLQJPRGHOVHPSKDVL]LQJWKHDVVHVVPHQWRI
patients in the interepisodic period have been proposed 
WRSHUVRQDOL]HDQGRSWLPL]HWUHDWPHQWVIRU%'21 
The neurobiological mechanisms of more pronounced 
neuroanatomical brain changes in patients with multiple 
PRRGHSLVRGHVRI%'DSSHDUWRLQFOXGHLQFUHDVHGR[LGDWLYH
VWUHVVLQFUHDVHGSURLQÁDPPDWRU\PDUNHUVDQGDGHÀFLWLQ
neuroprotection.$OWKRXJKGHÀQLWLYHHPSLULFDOHYLGHQFH
LVODFNLQJVWDJLQJDQGQHXURSURJUHVVLRQFDQEHFRQFHLYHG
RI DV WZR IDFHWV RI WKH VDPHSKHQRPHQRQ )LJXUH 22 
Methods
A search in the PubMed database was performed with the 
following terms: “staging”, “neuroprogression”, “serum”, 
“plasma”, “blood”, “neuroimaging”, “PET scan”, “fMRI”, 
´QHXURWURSKLQVµ ´LQÁDPPDWRU\PDUNHUVµ DQG ´R[LGDWLYH
VWUHVVPDUNHUVµZKLFKZHUHLQGLYLGXDOO\FURVVHGZLWK´ FRJQL
WLRQµ´ IXQFWLRQDOLW\µ´ UHVSRQVHWRWUHDWPHQWVµDQG´ ELSRODU
disorder” (BD).
The inclusion criteria comprised original papers in the 
(QJOLVK ODQJXDJH$EVWUDFWV IURP VFLHQWLÀFPHHWLQJVZHUH
QRWLQFOXGHG7KHUHZDVQROLPLWIRUWKH\HDURISXEOLFDWLRQ
DQGWKHVHDUFKLQFOXGHGSDSHUVXQWLO-XO\
7KH VHDUFK UHWULHYHG  DUWLFOHV IURPZKLFK ZHUH
LQFOXGHG7KHUHPDLQLQJDUWLFOHVZHUHH[FOXGHGIRUWKHIRO
lowing reasons: case report (n = 2), comment on an original 
paper (n = 1) and studies focusing on other disorders and 
conditions (n = 2). 
Results
We divided the results according to available evidence of 
VHUXPELRPDUNHUVDVSRWHQWLDOPHGLDWRUVRIQHXURSURJUHV
sion, with brain imaging, cognition, functioning and response 
to treatments considered as consequences.
Serum biomarkers
Data from different lines of research converged to the 
EUDLQGHULYHGQHXURWURSKLF IDFWRU %'1)DVDQ LPSRUWDQW
FRQWULEXWRU WR QHXURSODVWLF FKDQJHV LQ %' 6HUXP %'1)
levels have been shown to be decreased during depressive 
and manic episodes and to return to normal levels in eu
WK\PLD,QWKLVOLQHDGHFUHDVHLQ%'1)OHYHOVDFWVDVD
VWDWHGHSHQGHQWELRPDUNHUIRUPRRGHSLVRGHVLQ%'It 
KDVDOVREHHQVKRZQWKDWGHFUHDVHG%'1)OHYHOVDUHIRXQG
LQFKURQLFRUODWHVWDJHLQGLYLGXDOVZLWK%'LQFRPSDULVRQ
WRSDWLHQWV LQHDUO\ VWDJHVRI WKH LOOQHVV and an overall 
DFFHOHUDWHGDJHUHODWHGGHFUHDVHRI%'1)ZDVGLVFRYHUHG
in patients with BD.30,Q\RXQJDGXOWVZLWKELSRODUGLVRUGHU
UHFUXLWHGIURPWKHJHQHUDOSRSXODWLRQ%'1)OHYHOVWHQGWR
EHVLPLODUWRWKRVHRIKHDOWK\FRQWUROV22 
)DFWRUVWKDWQHJDWLYHO\LQÁXHQFHWKHFRXUVHRI%'VXFKDV
life stress and trauma, have been shown to be associated with 
DGHFUHDVHLQVHUXP%'1)OHYHOVDPRQJSHRSOHZLWKELSRODU
disorder.31+RZHYHUHIIHFWLYHWUHDWPHQWV VXFKDV OLWKLXP
DQGGLYDOSURH[KDYHSURYHQWRSUHYHQWFHOOXODUDWURSK\WR
KDYHDQWLDSRSWRWLFSURSHUWLHVDQGWRLQFUHDVH%'1)OHYHOV32
$YDLODEOHHYLGHQFHLQGLFDWHVWKDW%'DQGLQÁDPPDWLRQ
DUHOLQNHGWKURXJKVKDUHGJHQHWLFSRO\PRUSKLVPVDQGJHQH
H[SUHVVLRQDVZHOODVDOWHUHGF\WRNLQHOHYHOV33 during acute 
episodes DQG HXWK\PLD It has been suggested that 
LQÁDPPDWRU\ F\WRNLQHV SDUWLFXODUO\ 71)ŞPD\ SOD\ D
FULWLFDOUROHLQWKHSURFHVVRIFKDQJHVLQQHXURSODVWLFLW\FHOO
resilience and neuronal survival.$GGLWLRQDOO\%'1)DQG
71)ŞVHUXPOHYHOVFRPELQHGKDYHEHHQSURSRVHGDVVWDJLQJ
ELRPDUNHUVIRU%'17:KHQHDUO\DQGODWHVWDJHSDWLHQWVZLWK
%'ZHUHFRPSDUHG,/DQG71)ŞZHUHHOHYDWHGLQERWK
JURXSVZKLOH,/OHYHOVZHUHKLJKHULQWKHHDUO\VWDJHV
+RZHYHU71)ŞZDVKLJKHULQODWHVWDJHVWKDQLQHDUO\
%' LV DVVRFLDWHGZLWK DQ LPEDODQFH LQ R[LGDWLYH ELRO
RJ\DQGRIWHQLQYROYHVDQLQFUHDVHLQOLSLGGDPDJHWKDWLV
PHDVXUHGE\WKLREDUELWXULFUHDFWLYHVXEVWDQFHV7%$56DQG
Figure 1 /LQNLQJQHXURELRORJLFDODQGFOLQLFDOÀQGLQJVWRQHXURSUR
gression and staging.
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QLWULFR[LGH 12DQGDGHFUHDVH LQDQWLR[LGDQWHQ]\PHV
VXFKDVVXSHUR[LGHGLVPXWDVH62'7%$56VHUXPOHYHOV
are increased, regardless of mood state, and are more 
SURQRXQFHGLQPDQLD,QYHUVHO\SURWHLQGDPDJHZDVKLJKHU
LQGHSUHVVLRQWKDQ LQPDQLD LQRQHVWXG\ An increase in 
SURWHLQGDPDJHZDVDOVRIRXQGLQ\RXQJSHRSOHZLWKHDUO\
VWDJH ELSRODU GLVRUGHU DQGPD\ EH DQ HDUO\ LQGLFDWLRQ RI
V\VWHPLFWR[LFLW\$SDUWIURPSURWHLQFDUERQ\ODWLRQWKHUH
LVDQLQFUHDVHGIUHTXHQF\RI'1$GDPDJHLQSDWLHQWVZLWK
%'ZKHQFRPSDUHGWRFRQWUROVWKLVGDPDJHLVFRUUHODWHGWR
VHYHULW\RIGHSUHVVLRQDQGPDQLFV\PSWRPV)XUWKHUPRUH
ERWKGHSUHVVHGDQGHXWK\PLFELSRODUSDWLHQWVSUHVHQWHQ
GRWKHOLDOIXQFWLRQLPSDLUPHQWGXHWRR[LGDWLYHVWUHVVWKDW
PD\ FRQWULEXWH WR LQFUHDVH WKHLU ULVN IRU FDUGLRYDVFXODU
conditions.$QHJDWLYHFRUUHODWLRQEHWZHHQ%'1)DQG7%$56
was found in a BD cohort during manic episodes.+HQFH
R[LGDWLYHVWUHVVPD\DOVRKHOSWROLQNWKHDFFHOHUDWHGDJLQJ
cognitive and functional impairment and premature mortal
LW\REVHUYHGLQ%'
'XH WR WKH LPSRUWDQW UROHRI QHXURWURSKLQV R[LGDWLYH
VWUHVVPDUNHUVDQGLQÁDPPDWRU\PDUNHUVLQ%'DV\VWHPLF
WR[LFLW\ LQGH[ZDV SURSRVHG WR DVVHVV SHULSKHUDO FKDQJHV
LQPRRGHSLVRGHV7KHVHV\VWHPLFPDUNHUVZHUHVKRZQWR
differentiate between acute mood states and two control 
FRQGLWLRQVKHDOWK\DGXOWVDQGSHRSOHZLWKVHSVLVZLWKWKH
acute mood states positioned as intermediaries between the 
two controls.$VDQDJJUHJDWHWKHVHELRORJLFDOPDUNHUV
ZHUHVXEWO\HOHYDWHGLQSHRSOHIURPWKHJHQHUDOSRSXODWLRQ
LQHDUO\ VWDJHV )XUWKHU VWXG\ LVQHHGHG WRGHPRQVWUDWH
KRZWKLV V\VWHPLF WR[LFLW\GLIIHUV LQHDUO\DQG ODWHVWDJH
bipolar disorder.
Brain imaging, cognition, functioning and 
response to treatments
$OWHUDWLRQV LQEUDLQVWUXFWXUHVKDYHEHHQZLGHO\ UHSRUWHG
in BD patients. Morphometric studies have demonstrat
ed that patients with BD show an enlargement of the 
WKLUGDQGODWHUDOYHQWULFOHVDUHGXFWLRQLQWKHJUD\PDWWHU
YROXPHVRIWKHRUELWDODQGPHGLDOSUHIURQWDOFRUWH[YHQWUDO
VWULDWXPDQGPHVRWHPSRUDOFRUWH[DQGDQLQFUHDVHLQWKH
VL]HRIWKHDP\JGDOD6XFKQHXURDQDWRPLFDOFKDQJHV
tend to be more pronounced in patients with repeated epi
sodes.11,12 ,QWHUPVRIQHXURSDWKRORJLFDOÀQGLQJVUHFHQWGDWD
VXJJHVWWKDWFKDQJHVLQQHXURSODVWLFLW\SDUWLFXODUO\LQFHOO
UHVLOLHQFHDQGFRQQHFWLYLW\DUHWKHPDLQÀQGLQJVLQ%'52 
Patients with bipolar disorder present cognitive impair
ment during both the acute phase of illness and remission, 
which seems to worsen with cumulative episodes. The 
main cognitive impairment has been demonstrated to affect 
H[HFXWLYHIXQFWLRQVZKLOHPRGHUDWHFRJQLWLYHGHÀFLWVZDV
REVHUYHGLQRWKHUFRJQLWLYHWHVWVVXFKDVYHUEDOPHPRU\
UHVSRQVHLQKLELWLRQVXVWDLQHGDWWHQWLRQSV\FKRPRWRUVSHHG
DEVWUDFWLRQDQGVHWVKLIWLQJ57'HÀFLWVLQH[HFXWLYHIXQFWLRQ 
DQGYHUEDOPHPRU\VXJJHVWWKHLPSDLUPHQWRIWKHSUHIURQWDODQG 
PHGLDOWHPSRUDOFRUWLFHVUHVSHFWLYHO\6RPHPHDVXUHVRIIURQ
WDOH[HFXWLYHIXQFWLRQ6WURRS&RORU7HVWDQG:RUG7HVWWKH
:LVFRQVLQ&DUG6RUWLQJ7HVWWKH)$6VXEWHVWDQGWKHGLJLWVXEWHVW 
EDFNZDUGDQGRIOHDUQLQJDQGPHPRU\WDVNV:HFKVOHU0HPRU\
6FDOH5HYLVHGDQGWKH&DOLIRUQLD9HUEDO/HDUQLQJ7HVWKDYH
been found to be associated with poorer functional outcomes. 
'LIÀFXOWLHVLQUHPHPEHULQJORQJWHUPLQIRUPDWLRQDUHDVVRFL
ated with lower occupational functioning in BD, and poor 
FRJQLWLYHIXQFWLRQLQJLVRQHRIWKHPDLQIDFWRUVWKDWH[SODLQV
WKHKLJKUDWHVRIGLVDELOLW\DQGEXUGHQDVVRFLDWHGZLWK%' 
,QDGGLWLRQ WR WKHVHSV\FKRVRFLDO IXQFWLRQLQJ LPSDLUPHQW
presents a progressionDQGLVSUHVHQWGXULQJHXWK\PLD 
Illness progression is also associated with changes in 
WUHDWPHQW UHVSRQVH7KH UHVSRQVH WR OLWKLXP LV LQYHUVHO\
correlated to the number of episodes and duration of illness 
prior to starting treatment.&RQVLVWHQWO\RODQ]DSLQHZDV
IRXQGWREHPRUHHIIHFWLYHHDUO\LQWKHFRXUVHRI%' The 
VDPHÀQGLQJVZHUHUHSOLFDWHG LQWKHÀHOGRISV\FKRVRFLDO
treatments where patients with multiple recurrences do not 
VHHPWRUHVSRQGWRDGMXQFWLYHFRJQLWLYHEHKDYLRUDOWKHUDS\
RUWRIDPLO\SV\FKRHGXFDWLRQ155HFHQWO\DQDQDO\VLVRIWKH
67(3%'GDWDVHW UHSOLFDWHGDPHWDDQDO\VLV WKDW UHYHDOHG
that people with more than 10 previous episodes have an 
overall worse treatment response, which was stable during 
IROORZXS 
Conclusion
$FXWHPRRGHSLVRGHVKDYHEHHQDVVRFLDWHGZLWKVLJQLÀFDQW
V\VWHPLFWR[LFLW\FRJQLWLYHDQGIXQFWLRQDOLPSDLUPHQWDQG
biological changes. These effects are cumulative and are 
much more prominent after multiple episodes.It is 
plausible that mood episodes function as allostatic states, 
generating a load that accumulates to compromise regula
WRU\ V\VWHPVDQGXOWLPDWHO\EHDULQJ UHVSRQVLELOLW\ IRU WKH
progression of the illness. 
7KHFKDOOHQJHLQ%'WUHDWPHQWLVWUDQVODWLQJWKHNQRZO
HGJHRIWKHQHXURQDOSODVWLFLW\DQGQHXURELRORJ\RIWKHLOOQHVV
into clinical practice. Neuroprogression and staging can have 
LPSRUWDQWFOLQLFDOLPSOLFDWLRQVJLYHQWKDWWKHHDUO\DQGODWH
stages of the disorder appear to present different biologi
FDOIHDWXUHVDQGWKHUHIRUHPD\UHTXLUHGLIIHUHQWWUHDWPHQW
strategies. 
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